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Cbraponnds iitfttbil 5a-ffe(fax4ase aie fvovidod. Tho compounds are used to tical pfostale cancer, bicast cancer. cl>esit]f. ddn 
I db oBdcj i and baldness. 



METHODS AND COMPOSITIONS FOR 
RKCDLATION OF S>ALPHA Rg DUCTASE AeriYii if 
T^^hitirii^ y fcM of The Inventian 

T1>e imscnt tnvendoii relates gcnexaify to 
ni^bods legDladng ti)e acticm ami fimctim 
ho(nnopcslyiiK)dalatingtt» 
ScHedoctases. M<OT^)ccificaIly, flic present invent 

compcmnds to regalatc processes or treat disorders Aat are nKxhilatcd by amli ogeas 
or other steroid honiKyDes or are caused by aln^^ 
steroid Ixmiioiies in cells or organs of ammals^fa^ 

Tins invention rdates to flie use of natural and synthetic ilavanoids» catechols, 
cmcumin-related substances, quinones, catechins and fetty adds and their 
analogues or derivatives as Sa-rcdrctasc isozyme inhibitors and as thCTapeotic 
agents. These compounds can also be used in promoting cw^ modulating desirable 
production of specific products for commercial purposes. 

Badcgronnd of the InvoitiDn 

Li some of die androgen-sensitive (Hgans, such as the pn>stale and skin, 

testostenme (T) is converted to a more active metabolite 5a-dihydrotestostcrone 
ODHI) by 5a-reductase (Anderson and Liao, 1968; BmAovsl^ and Wilson, 1968). 
Other substrates of 5a-reductases are also converted to reduce products that may 
have specific iffoperties. Inhibition of Sanredmlaserqircscnts a unique approadi 
for devdoping dicnipcutic metix>ds for androgen-dependent disea^ 
bemgn prostatic faypeq>lasta, breast and prostatic cancer, ddn dis^ 
crannon baldness, Imsntism, and ludiadenitissuppnra^ Various compounds 
have been shown to iidiibit Sa^reductase activity (La^ 
aL, 1993; ItosseU and Wilson, 1994; Xiao and ffiips^^ Finasteride 
(Proscar^ aScMcductaseihhihitw, lowers tfie levd of DHT in sennn andllie 
prostate, reduces prostato volume and increase urinary flow in some patients 
(Stmiex RFinasteiide Study Qro^, 1992). Certain aliphatic unsaturated fitly 
adds, suA as y-finoknic add (Uang and liao, 1992) and catcdhi^ 
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andOipakfca, 1995)»caninlin»t5cMedii^^ 

and Ki i mang 10 vitn>» 

So^Rcdnctasc is foond m ma^ 
et aU 1993) incfaidiDg Ibe selKK^ 
5 i<^) and bninan hair follicles TvroSa-icdttctase isozymes liave 

beta identified in tats and faiimans(I^^ Tbe type 1 isozyme 

imdominates in lat tissues sodi as liver, kidney, 

ca^mc is nwiealmndant in rat testis and q)ididymis. Bofhisoqrmesarefomidin 
ddns of dw neonate^ but the type 1 isozyme is the m:^ 

10 aflerpnberty. The type 1 isozyme is also expressed in balding sca^. The 

posability that Ihe type 2 iso^me pl^ a uniqi^ role in sldn a^ 
cannot be exchided. Finasteride^ a 4-azasten>id, is a competitive inhibitc»^ 
lednctases and has an affinity 30-fold hig^ fix- iso^e 2 than for isos^e 1 
(Rnssell and Wilson, 1994). In contrast, the green tea calechnis,qpicatedmi-3- 

15 gaHate and qrigallocatediin-3-gallate are more cffecti 

enzyme and Y*liDolemc ^d inhibits both isozymes equally well 0^ and 
Hiipakka, 1995). 

&i the stunqptail macaque^ a monkey model of androgenic alopecia, 
finasteride given walty prevents fioolal baldness (Pianietal,! Thepaired 
20 t^mster flank oigans» one on each adeof thecostovertcJMal ang)e» arehig^ 

sensitive to androgen stimulation. Topical application of y-linolenic add 
suppjcsscs only die androgen"dq)cndept growdi of the treated hamster flank wgaa 
wittKmt diowing systemic efiBxts on die contra^^ 
very fikdy due to local iidnlntioii of 5<Meductase. 
25 Uses ofandmgeoslmown to die medical arts include, for example, 

tieatmcntofl^pog^madism and anemia. The abuse of andiogaas among afldctcs to 
enhance peifomiance is wdl known. Androgens are also known to promote die 
devetopment ofbcnign prostatic hypeiplasia (B^ 
obesity and undesirable lipid and steroid profiles in blood and ocgH^ 
30 Approxhnately 70% of males in die U.S. over the age of SO have padiological 

evidence of BFH. Prostate cancer is die second leading cause of cancer deafli in 
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males in tt)eU^. Male-pattemed baldness can start as eady as fli^ 

gaedcalty SQScqptibte males, and it has been esdma^ 

ranrawagq maW flt ^ 30, 40% of Cannaaan males at age 40. and 50% of 

noffimgian y ytalcfl at ay SO. Aciie is tito most oommon don disosdcf tieated by 

jdiysictansL bwomeOylnisiitismisoneofdiebaDmailsofex^^ 

Tbe ovaries and tte adiend aie fte mqor souices of andn^^ 

bimeo^tbernqormdcogmcaitnlatn^ About 
9S% of fte testostenme in bk>od is bound to senmi prote^ 
sex-steroid tm^ing gM>uIm and low a£B^^ 
infieefimn. 1beaIbamm4>oundtesU>5terane» die binding of ^rii^ 
icvexsiblfl;^ and Oe fiee fi)nn are consideied to be bioav^^ 
about 50% of total testostenme. Testosterone enters target cells s^parently by 
diffiiston. Iitbe prostate, seminal vesicles»ddn» and some other t 
converted by a NADPH-dependeat 5a-reductase to a mofe active metabolite^ 5a- 
DHT. 5arDin*1ben binds an androgen receptor (AR) in target Ofgans. The 5a- 
DHT-feceptor complexes interact with q>ecific portions of die genome to r^;alate 
gene activities (liaoetaU 1989). Testosterone appears to bind to the same AR» but 
itbasalowera£Bni9fhan5ccrDHT. &i tissues such as muscle and testes, where 
5a-redDctase activity is Iow» testosterone may be tfie more active androgen. 

Tbe difference between testostenme and 5a-DHT activity in Afferent 
asdrogen-zeqxynsive tissues is fiirtfier suggested by findings in patients wifli 5a- 
redttctase deficiency. Males wifii5ar^ednctasedefidencyaro bom with female-like 
extenal genitalia. Whendi6yreadipid>erty,tf«rpla5Qialc^lsoftestoster^ 
ncmnalwsKs^xtlydevated. Their rnuscle growth accderates, the penis enlarges^ 
voice deepens, and libido toward fonales develops. However, tf«r prostates 
remain ru>ii-pa^>able,Aey have reduced body hair, an^ 

baldness. 

The findiriES in 5ff-Tflhirtai?r A>firicnt paticnta sngge«± tfiat inWhitnffa of ^ 

reductase would be ttsefid for die treatrnent of prostatic cancer, BPH» ao^ 
bsddncss, and fimale hirsutism. Qirucal observations and anirnal experiments have 
indicated Oat spcnnato^neas, rnaintenance of lifaido. 



to99mm pcr/us98a3Mi 
fiy^yk ifiliih akm of gcmadotropin sectetkm do not legoiie ttw copveraioa of 
testostenmetoSa-ISrr. Tlusis in coninst to oilier honnnialtfwnqnesviM 
abofidi tiie actkms of botib testosterane and SorDHT. 

l^eatmeot of aDdiogai-dq[>eodent skin and piiostatks diseases 1^ 
reductase inhflHtCMSW>Dld be caq)ectcd to jmxtocefew^ 
piesffidy available bonnoeDal Ocrapies. These inchidecastratioo, estrogen therqjy, 
hi^i doses of sqjeraclive gMurfotiopin^deaaDg h(«none SIM* as Ia^i^^ 
tiw use of cooq>etitive anliandiogens wUdi inhibit AR bindiiv of teslostBR^ 
5tt-DHT, CT rb i« flntamide, cyyi ote i on e acetate and spirooolactopc. Thekngtenn 
efficacy of competitive antiandiogens is also compramised by their block of the 
audiogenic feedbadcinlulntion of gcnadotn^insecietiML TUs increases testicular 
seoeliraioftestostenHie. The level oftestosterone eventually overcomes die 

action of tfie antiandiogen. 

Excess Sa-DHT » implicated in certain androgenrdqpeodent padiological 
conditions inchidmg BPH, acne, nudoiwllem baldness, and female idiopaflifc 
liiisalism. It has been shown that 5a-reductasc activity is reported to be higher in 
hair Ibllides fiom the sca^> of balding men than diat of non^ding men. 

Since treatments of androgen-dqpendent ddn and prostatic diseases by Stt- 
redoctase inhilntCHS can produce fewer side effects tiian flie hormonal ttiexafnes 
which mdiscrinunately inhibit all androgen actions, it is desirable to provide 
difioent types of Sa^eductase iiihitnttxs. 
RirKSnirniMtry Of The TnventlOB 

The present invention idates geiKrally to dM vtiUzation of certain 
cOTqwtmds fw fee control of androgen activity in tar^ organs and cdls through 
the modulation of a Sa-iedDctase activity. In certain aspects, these coinpounds are 
eo^loyed to rqness androgenic activity by infaitnting die foanat^ 
of active androgen in target cdls. Consequently, die i»esent indention is usefid few 
die treatment of a wide varied of confitioos inchi&ig, but not Bnuted to, die 
treatment of prostatic hypeqjlaaa, prostatic cancer, hirsutism, aai^ male pattern 
baldness, sd)onhea, and odier diseases rdated to androgen hyperactivity. Scnrcral 
of tfiese CQDfwunds have been ^wn to effectively decrease bo^ weight, and in 



some cases, to decrease the wd£^ of an androgto-depeoden^ 

dw prostate and odKrofgans. Tte cflccUve n ess of these compoimds may be 

dffpcndcnt also on fhm action on other mediaiii?ans involved in anpogCMaSp ceB- 

cdl intaacddOy and on dseir mteractton vnAi various conqponenls of ofgans and 

cdl8» 

Compounds nseGd in fte piacttce of the present invcotm 
isomen of saturated and Tmr*t»^^ fttty adds, natural and synttietic analognes, 
and derivatives ficm which these &tty adds can be generated 
metabofites and oxidation products oftibesefiitty adds. Tbeuseoffteseandodier 
fetty adds and dieir derivatives is also CGfntenq>lated. Also us^ul are catedun 
CoropomMfa, partirnlnriy, r^^^^tng thsA am stnictmally similar to qricatediin 
gallate(ECC9attdc}ngaIlocatecfaingallate(EGCG9. BGCXj has an additional 
hydroxyl groiq> on the q>icatecfain gallate molecule, which has been found tobe 
surpriringly active in modulating several Sa-reductasc mediated processes. EGCG 
derivatives having sudi an additional OH groiq> on the altering BCG molecule were 
shown to be active in inducing body wd ght loss and paiticulaily in reducing the 
size of androgen sensitive organs such as preputial glands, ventral prostate, 
dorsolateral prostate, coagulating gianHg^ seminal vesicles, human prostate tumors, 
and breast tumors in nude mice. 

By analogy with the fetty add compounds, certain active catcchin gallates 
m^ not enter target ceUs easily. However, esterificationofhydroxylgroiq>s on tte 
iiihibitor compounds should enhance the ability of diese compounds to enter die 
targetcdls. Once inride the cdls, esters would be really hydrolyzed by esterase to 
alcohols that can inhiHtSa-iednctases (WHiams, 1985). 

hi more paiticnlar aqpecte of the inventicMi, die invexitots have discos 
fliat ceitam cateduns, particular^ EGCXi, can be administer 
wd^ k>ssttiat differentially affixtsoveraU body wd^ and prosta^ 
&i particular exan^>ks, it was diown diat for a certain perce 
wd^ loss, prostate wd^ loss was percentage-wise more than three times as 
much. The toss in body wdglit and die organ wd^ are likely due to EGCG 
interference ofa common step in the padiway controlling body ^ 



otsanvm^t&asL EGCGaDdidatedcanq>oundsinayiiiterart 
lecqrtDT maooiDolecule (probably contaimng a protetn) tfiat modu l ate s cpedfic 
Iq^idsyntfiesisaiidaccmiialatiosL lipids can modulate gene aqgcssioD, cell 
devekypinentanddi£&raitiatt^ Specific i nfafa eu ce of Kpid 

inelabofism in 4ie cdls ao[id oigans may oQDlrol 

pntv^^laf, pmstete, schaceoDs^ prqyutial and other sccretOTy organs. In certain 

applications, it is e3q)ected tihat benign « abnonnal gr^^ 

organs may be tieated or even prevented by administialion of cated^ 

compGonds* 

tt has been demonstrated that catechin compounds wiUanest or rcdiKe 
hmnan prostate and breast cancer ceU growth. The effectiveness of catecfain 
conqKHmds was diown to be dq)endent on die m^hods by whicA 
were administeied to ttie experimental animals. Intraperitoneal qyplication was 
mudi more ^ecdveOan oral adininislration. It is expected tiiat direct application 
to the organs* such as the prostate* win be very effective. EGCG was surprisingly 
effective in suppressing and even reducing the size of human prostate and breast 
tumors in animal models. The effect was illustrated with EGCG; however, 
structurally similar catedun compounds are also effective, particularly those Oat 
are structuraUy snnilar to EGCG in having at least one additional hydroxy g^ 
compared with ECG. Thus, the EGCG species that contain eight hydroxyl groups 
is significantly more effective m reducing body wdght than is ECG, w^ 
seven hydroxyl groups. Qmipounds of this general structure are expected to be 
particular^ effective in cfa e mo pi e ve ntion and diemottierapy of human prostate 
cancer. ConqKHmdsharaigapartofstructuresiinilartoapartofstnictureof 
EGCG are also expected to be effective. 

CdII^KHmds can be used as aiitiaiidrogaaic agpits ttuoug^i topi 
systemic application. A pieparatioiifin' tins purpose can inducfe a carrier, a 
piy)^^^<::t^^ an anticmdapA (snch M vitamin CorE. and various catfrhins and 
potyl^KDobX and other phaoiMxntical and pharin^ Itisalso 
expected diat such ccHi^unds canbe used in a delivery system (oral, local 
aj^lication, iiyection, ot implantation) involving molecular recogmtioa tihroug^ 
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vMAtt^cotBptmidBmddi^^ Such a Mivexy system may 

involve; amcmg other methods, liposome tecfaniques or immanolDgical devices. 

Natural w synlhedc chcmicds tiiat can modi^ 
xAm of ftCTpt o rg gff^ macmmeletailes are pscfiil inftotrratmcnt of ab tWOTiwltti cs 
SDdi as <4>esity, BFH, profilate cancer, ^ 
lm pBfim, wlikA«erclfllrftplq^ 
mncttOvL 

Antmrf mnAJa cm he iised to demonstrate Ac estfecth^ 
on a variety of cancers* For exan^le^SUonogi tumor and ottier tumors can be 
studied in male rats. Human breast and prostate cancer cell growth can be stiulied 
innudemice. Alteniativ^, rodent breast tumcMcsindiKed by cananogcnsan^ 
cancers induced in transonic mice or Dunning tumor in rats can be su^ 
analyzed for thdr chemotterapy by EGCG and related compounds. 

Thff uf^ff of mmpmmdg disclosed in fee present invention, or in natural 
theirqpcnticalty efiEective amounts of {^Kamaceutical compositions ccmtaining one or 
moie of tbc compounds* in some cases in combination witfk other fheiapeutic agents 
and carriers, or in natural or synflietic products, is appropriate in Ac treatment of 
various disorders. These discHdersnichide;, but are iiot necessarily lhnitedto»th^ 
conditions whadn excessive androgenic activities have been inqilicated, Sar 
example* inale pattern baldness* female hirsutisii)» skin disorder^ 

prostate^ breast* ddn and odier orgaiis. 

The preseastiirvention is also directed to iK>vdooriqpounds. These 

compounds have tike fimmila: 




I 



^whem X is -NHCHjCBr or -Cft=CH-; 

R,» R2 and R) each m^ be -H* -OH *CXJH}* provided that onfy oi» of Ru 
Rj* and m^be -H; 
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R4,R, and RiCadinu^ be -H* -OH, -OCI^ or -))(C^}i» provided diai<^ 
one of R4, R5 and R« may be and 
nisOorL 
and tfio foif UMii*? 

OH 




wfaoeRis 



H 
OH 

CH, 
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M of Ihe coiiqK>ratiom and meflx>d8 disc^ 
iiiadewi1fac>otiiDdi»e3q>erim^^ Wldletihe 
ocm^Kftsitiom aid meflK)ds of Ibb inventioii 
pfcfiared csQobodimcntSy h win be 
5 iiiaybeappfiedtotiiecoii9X>dtioQ8»metlx^ 
stq)8 of tiie inediod described hondn widxyo^ 

scc^oflfaemveotknL More q>edficalty3win be apparent that certain a 
wfaicfa are boOi cfaenucally and i^ysiologicany rdated may ^ 
agents described heremiiiule the same cx'sinularresi^ All 
10 SQdiamilarsid>stitatesandmodificadomag^>aren^ 

deemed to be witfnn ttm ^ririt, scope and coxicept of tte inv^ 
zppcoded claims. 

Brief Description Of The Drawfana 

In the drawings^ vAndh form a portion of ih& q[)edfication: 
15 Hg. 1 dxyws die structure of flavanoid compounds of the present invention. 

Fig. 2 sfaowstibe strwture of catechol compounds of the present invention, 
i^g. 3 shows die structure of curcumin and rdated compounds of the present 
invention. 

Fig. 4. diows qmnones of the present invention. 
20 Hg. 5 shows qiigaUocatechincterivative compounds of the present 

invendon. 

Fig, 6 shows tbc generic fi»mula of the epigallocatediin derivatives of the 
present invention; 

Fig. 7 shows die generic fimnula of gaDates usefid in die pcesent inventicm; 
25 Fig. 8 dxrm the generic fbimnla of cnrcumin derivatives u^ 

present invention; 

Fig. 9 dKTM die generic fixinnla of quinones and catechols useful i^ 
present urvention* 

Hg. 10 dtows&tty adds ofdie present invention. 
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Tlie pxeseat inveoticm is coxxxmed with 
wfai<AiDdadesdb|cctingacc^ 

iDbibllM SQcfa as one of tiic ccunpoiiDds disclosed hociiL ItisbdicvedllKattibeiise 
of sodi inhibitois to bk>dic alm^ 
coigaKKtiosi with other aot^^ 

tteapy, and flie like. Tbeamfxmndsoffhisinventioii^besi 

icdoctase inibibilofSi may have odicr effects fliat can lead to antitmnor activity or to 

sqjpfcss dniannal gnwdi o^ 

famammaKanccHs^SarfedDctascisveiytigjhtly assoda^ 
intracdhilariDembfaDeSy including die membrane of the endc^lasmicnticutum and 
contiguous nuclear membranes. Attempts to soIubOize and purify active 5a* 
rediKtase have not been vay successful. Tte assay of Sa-ieductase activity^ 
therelbfe» is perfimnedby measming tiie rate of conveiskm of testosterone to Sa- 
DHT by ^v^le ceUs or by microsomal and nuclear prq>arations in the presence of 
NADPH (en^matic assay). Altemativdy^ the Sa-reductase activity can be reliably 
assayed by following NADPHnlcyendept noncovaloit bindmg of a potent 
radioactive mhibitor, such as pH}4-MA (pH]4-MA-bindmg ass^X whidi strongly 
omipetes with testosterone for bmding to the reductase. The results of die two 
ass^ c(»Telate very well when microscmial preparations firom different organs or 
animals are used for comparison. 

A* PH14-MA Bfaidfaig AsMV For Sn^Rednchise 

Bri^y» die bfaidiiig assay sotution, in a final volmne of O.IS ml» 
contains mkrosomes (2-20 |ig of {ffoteinX 0.07 pCS of ['H^I-MA, 0.1 mM-^ 
NADFB^ 1 ntM-didiiodireitol and SO mM-potassaum idK>qdiate^ pH 7.0» wilh or 
widxKit the indicated amount of a fimd or an mlubitor preparation. lipids are 
dissolved in edianol and added in l-5|il volumes. Control tubes received^ same 
amount of edunoL After incubaticm at O^Cfwllxsur, die t'H]4^^ 
iidcrosomes is detemmed by collecting inicrosomes on a Whatman g 
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and waslm^ vnUi 1 0 nd of 20 mM-potassiom fdioqdiate, pH 7 A canta ini ng 0.01 % 
CHAPS to icnK>veiiid)aiind 

B. Assays Of The RBzviMtic Activity Of MterosomaJ Sgp RedoctMe 
lite staikbid leacdoQ mixtore^ in a fii^ 
iiiiGn)SOiiies» 1 iiCiof pH]testosten)ii^ 

O.I111M-NADFH, InoM-ditfdofliidtol and SO mM-potassfasm p]i06piiate» pH 7.0» 
yrittiorwittK>iittt>oipdicatcdanKHiPtofaI^^ The 
reaction is started by Ihe addhion of microsQi^ 
37*Cfixrl5iiiiiiiites. StczoidsareeactiactodaiKlsq^aratedbylliinla^ 
dmnnatogrsfiliy. Radioactive steroids are located by ftoomgptfisy and d» amomit 
of radioactivity present detennined by sdntillatioii counting. The ScMedoctase 
activity was roeasored hy analyzing flic extent of Ihe conversion of [^lijtestostenme 
to pH]5a-DBT. 

C Sonrces of Stt-Rednctasc Activity 

Kfiaosomes areprqpared at 4* C. fiom abofifared 032 M-socrose 
* bomogeaate of human fiver and from fl» livers of aduh Si»:!^;u&Davyley fismale 
nits by differential centrifugation, and are used in 

In some caq>er im e nte > microsomes are solubilized wifli 0.1% polyoxyethyleae etfier 
W-1, excqyt for the substitution of polyoxy^^ene eflier W-1 fot Lubrolx*WX. 

Cdls genetically engineered to esqxress spedfic types of Sa^ 
reductase isozymes can also be used as sources of Scweductase activity. Intact cells 
containing 5cHreductase»fliear microsomes, or nudear pr q wati ons can also be 
used to screen 5a-iednctase infaibitofs. 

IL yitKftat^APdByea^CancqC 

A compound of flns inventioii can be used to treat bre^ or prostate cancer. 
The effectiveness of sudi con^xmnds against prostate and breast cancer can be 
detennined eidKX on isolated cdl lines derived frcmi soc^ ca 
ammabdesKmstrating these feons of cancer. By way of exan^k^lnnnan prostate 
camber P03 cdls are grown in culture medium. About one million cdls are 
iigected into inale nude inice aid ftegrowfli of tumcCT followed. Wifluntwo 
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weeks, the tomor grows to about 100 nim^. Three tumor bearing mice are iiyected 

with a test compoimd esKdi day. 

in. Qrpm And Body Weight Loss 

A ccHDixHiid of dds inventi(«i can be used to dec^^ 
weigliL Thec(mqxHindstimshamuseintreatiDtg<4>esi^ The effectiveness of a 
omipcHmd can be detcmm^ using wdl4DBOwn animal mod^ 

By way of example; male Sprague-Davirley lats (body wdgbt 180 gfelQg) 
are used Ccmipounds are i nt iapqi to peally iqected into rats in one groiq> each day 
fcffldsys. Rats in die control gioq> receive 0.1 ml 30% edianoL Body and organ 
weights are dctcnnmed* 

The inventors song^ an inhibitor of Sa-reductase that would be active 
topically and inactive systemically; such an agent wouM be ideal for treat 
androgen-dependent dennalologjcal disorders. In this study» inhibition of androgen 
action by topical administration of y-LA in hamster flank c^gans is investigated. 
Eqpedally useful in the evaluation of the elSects of these compounds on skin cells 
or sebaceous glands is tile hamster flarik organ ^rost and Gomez» 1972). The 
paired fhmk organs, one on each side of the costoveitebral angle, dsto lugihly 
sendtive to androgen stimulatiorL The androgen sensitive structures in tiie flank 
organ include dermal mdanocytes, sd>aceous glands, and hair follicles (Hamilton 
and Montagna, 1950). This ainmalrnodel has been widely used ftr testing 
androgenic QIamilton and Montagna» 195(^ Frost etaL, 1973) and antiandn>{^c 
conqpounds (Voigt andHsia, 1973; WeissmaimetaL, 1985; Chakrabarty et al.» 
1980). Theuinqneadvaiiti^offhisanirrialrrioddistiiatatestirigcompoi^ 
be ^fied topically to only oiM of the flardc oigaiis and d» efifert 
organs. Iftiie test conq>ouiid has cmly a local efifect, then only the 
organ is affected. However, iftlw effect is systeanc, then bolhflaiikorgaris are 
affected. 

Pre-pnbertal rikale Syrian golden hamsters, castrated at 4 
obtamedfiprai Harlan ^Rrague-Dara^ Eacfaanimalis 
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niaintaiiied individQally in a plasty 

fibitum on a 12 hour fi0it/12 hofor daxk cycle. 

One to two wedcs aAer castraticm» tbe hair on the lower of eadh animal 
is cfin>ed with an dectric hair and Ihea diave^ 

orgHDS. Tte animals are divided into trcatmcotgroiqra;. A treatment solution (5 }iQ 
is appfied topicalty to the riglit flank organ 0^ 

polyprop^ene disposable tip. Uilessq)edfied» deleft flank organ is not treated. 
The treatment sohitian contains either (a) elfaanol akme (vdude and controlX or (b) 
atestcompoond The flask organ was wiped wifli an alcdx>l pad to remove 
residud compound befixreeadi treatment At the end of eadi C3q>eriment (17-25 
daysX the animab were saaificed by ddier soffocadon wiOi CX)} gas or wi^ 
intr^peritonediigectionof an overdose of phenobaibitd (64.8 mg^myanima^ Tte 
flank organs, both tbe treated and untreated sides, are evaluated to detCTnine tbe 
effect of diese treatments cm the growth of the pigmented macule and the sd)aceous 
glands. The body wd^t of each animal is recorded before and after treatment 
Treatment Of Anfanab 

Male hamsters^ 4 weeks old, are castrated and are kept on a longer Iig|it 
period (16 hours lig|it/8 hours daik ^le) to insure maximum stimulation of sexual 
characteristics (Lttdetsdunidt€taL» 1984). Flank organs, left and riglht, were 
treated topically with 5 ^ledianol containing 0.5 }ig (NT 1 )ig testosterone daily. 
Animals are divided into groiq>s of 4-5 hamsters. The rigiht flank organ is also 
trrotrd ^^n fy wi^! ^ pi solution containing vehicle (elhanol) alone or test compound 
(1 2 rng)fiyr 18 days. The kftfladc organ ofaU animals recdves die same . 

volume of vehicle. 

the loQgdis of the long ads and tbe shcnt axis of die pigmented 
(pTgmfftf fd Tnactnle) are measnred nsing a caliper wifli digitd diqilay Q>igimatiCy 
Kfitutoyo Corp., Jzpmy TheiHX)duct(kM)gaxisxdioitaxis,mm^isusedasan 
hdex of die surfice sbea CVnest and lAidqr. 1989^ 

The flank organ treated with test compouml becomes elevated arid palpable. 
The length of die long axis aikd dmt axis of die devated riiass are measured v^ 
caGper. The product oftbe long axis xdxat axis (nnnO was used as an 
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areas of the scbaceons^andyWfaiAcondatesw^ 

y. BaldBcn 

Toptcal Etrccta Of Comiwoiida On Hafar Loss And Growth 
Ttw gt^wnptail macaqne mnmbey dflvekys baldness in a pattern rKCTiWmg 
Innnan anhogenetic alopecia. The bal£sg process b^jnsdioifly after pid^ 
( appiuiim atdy 4 years of age> Thboccursmneady 100%of Aeanbnals^maks 
and fonaleSy and is androgen dq>endenL This is a iisefid animal model for human 
androgcncdc alopecia and is conteooplated to be Yisefid in demonstrating Uie effects 
ofpotyunsaturated&tty adds on hair loss. Ihe following describes a protocol fin* 
testing 

Male stomptail macaqnra (4 years of age) arc divided into groups of 3 to S 
animals. A defined area of tfie scalp invoWing the firontal and vatex areas is 
marked»e.g^ by tattoo. Hairs in Remarked area are shaved. The solutions of a test 
coinpoorid in differait dosages arid combiiiatiom are evenly ^fied to the s 
areas once or twice a day. Qmtrolaiiiiiiakrecdve the sariievohmie of the solvent 
(e.g.,edianol or other cnrgaruc solvent, or a cieam). The same area ofthe scalp is 
shaved evoy 4 to 6 weeks arid the wd^tsofhairs shaved are detennine^ The 
treatments may last for 6 momhs to 2 years. 4*MA (17*N,J4-dielfa^carfoamo^-4* 
mediyl-4-aza-5-androstarH3K>neX a Sa-iediKtase inhibitor known to pfevent 
baldrtessindtisariiinalisiricludedasapositivecontToL Biopsies ofthe scalp 
( dmm pimrJi) are nhtained before and at the end of the treatments. Theq>ecimens 
are analyzed for Sa-^ediK:lase activity and examiried histo 
alopecia. 

VL Effects Of Compoimds Op Sebum Prod ncdoM In A Wnman ^n^i^ 

Tc^cal antiandrogeoic activity of several fotty adds and catednns is first 
evaluated in d» hamster flank organ assay or the rat assay. To further confirm tiie 
e ff ect iv eness of antiandrogcmc confounds and suitability for human use» tests are 
performed on a human male subject The ideal compounds for human treatment are 
those diat are topicalty and localty active but do iKyt show systemic antiaiidrogenic 
activity, espedaDy in &e cases irn^tving young inales. 
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TWfgrmlnptfiiq f>f ywAcad Sdmm Prodnctiaa 

A male vohmtecr is iised to test and analyze sebim 
fcmfaeadregiGa Itefoidieadiswasbodtfxinm^ilywi^ 
deanedwifli 70% isoprop^ alcohol twk^ SeimmprodDctioiiismeasiired30to60 
mmatcslatcrwMiasdyimi^ ^ 

in each measurement Tea measoicoMnts are made witfam flie 4 cm square area 
(16cni^ located at tiie middle of flw left liglit side forel^^ 
and ttie hair line. 

The sebum meter detects die di£feraKe in tte tranq[>areoc7 of the t^ 
befcm and after the tape was placed on the fortfaead for 30 sccoods and esqyresses 
Ihe difference in an aihitiarynniDber(S-va^^ S- 
values ofsclHmi accumulated on tf^finpcheadsofmea are usually Skin 
surfiiceonhandsusuanydiowsavary lownuml>er(5to20). TheS-valueftr 
fbrcfaeadimmediaiely after washing is less than 5. For men, the S-vahie gradually 
incnases to about SO wilhin 30 minutes after wadung and readies 10^ 

To detennine die rate of sebum production, the left aiid the rig^t fordid 
areas are measured altematively and each time at the comparable areas on die two 
sides. Ten measurements on each side (i.e., 20 measurements for two sides) take 
diout 15-20 ininutes arid die sebuiii-values likely range between 30 to TheS- 
values can differ ccndderably at differait areas of the forehead and co^^ 
infhTpnrH by environmental, indiuling weather, diet, and (diysiological, conditions. 
However, the ratio ofdie total S>vahie (the smn of 10 meas u rem 
and the total S-vahie for die ri^ ft^efaead is constant ThereftMre, compounds 
af^fied to the left feiefaeadlhat reduce the I7R ratio to are 
considered as tofucally active ^gfr*^ ftxr suppression of sdnnn producdon. 
Vn. Pharmaceutical Compositions 

Aqoeofos compositioiis of die present invendon comprise an efiCective 
arrionnt of die SaHPednctase iofaibitoiy agent dissolved or diqiersed m 
pharmaceutically acceptable aqmous mediunL The phrase "phannaceutically 
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accqrtd)!^ reto to inolecolar entities and cQnq>o^oiis tiiat do notprodiice an 
aneipc or similar imtowaid leaction 

The piq)aratioQ of an aqiieoiis CGnq)oa^ 
coiniKmnd as an active ingredient is wdlimderstoodi^ TypicaUy» such 

oompodtions are prepared as iqoctable^ either as liquid sohitions or suq)epsioiis; 
solid foims suitable for sohition in» or SQspcnsiGii ^ 
also be prepared. Theprqparationcanalsobeenmlsified 

The pharmaceutical CGnq>ontions disclosed herein in 
adininistered, for example; wifli an inert dihient or wiOi an assim^^ 
canier» or tiiey inay be erclosed in hanl soft didl gdatm csq^ 
compresse d into tablets, or they may be formulated for controlled release, sudi as a 
transdemiic and osmotic pressure device, injectable device, and implantable device, 
OTftey may be incofporated directly with the food of the diet For oral therapeutic 
administration, the active compomuls may be incorporated witti excipients and used 
in the foim of ingestible tablets, buccal tablets, troches, capsules, dy^^ 
suspensions, syn^ wafers, and Ifae like. The percentage ofthecon^>ositions and 
preparaticms may, of course, be varied ax^ may c(mv«iently be 100% (af^Iication 
of pure compounds). The amomit of active compouiKls in such therapeutically 
useful compo^tions is sudi that a suitable dosage will be obtained. 

The tablets, trodies, pills, capsules and the like may also contain the 
following: a binder, sudi as gum tragacanlfa,acada, com stardi or gelatin; 
excqnents, sucb as dicakium i^bo^hate; a disint^rating agent, such as com stardi, 
potato stardi, algMc add and tike Sk^ a lubricant, such as xnagnea^ 
a sweetening a^nt, such as sucrose, lactose or saccharin; cx^ a flavoring age^ such 
as pe{^)ennint, oil ofwinlergreco, or clierxy flavoring. When the dosage unit form 
is a capsule^ it may contain, in Edition to materials of die above type, a liquid 
canier. Various otfierrnaterialsin^ be present as coatirigs or to odierwiseinodify 
biophysical form oftibe dosage unit For instance, tablets, pills, or capsules may be 
coated witfidsdlac, sugar or bofli. Asynq>of elixir may contain die active 
compounds; sucrose^ as a sweetening agent, mediyl and propy^iarabens as 
preservatives; a dye and flavcmng, such as cfaory or orange flavor. Of course, any 



16 



wo99«m8 TcriussmsMt 

npKfp^iA in prqiaring any dosage unit fbm Ac^d be fAannaceoticaDy pore 
and substantially Don-toxic In addition^ the active compoiimls may be incoiporated 
into sustatned^easepre{>aration5 and fbnnulations. 

Tte active coiiqK)iinds may also be adimni 
orintrq>critOKaIly* Sdutionsoftlkeactiveconqpoimdsasafieebaseor 
pbaomacok^caDy acceptable salts can be 

surfactant, si^ as hydioxy|m>pyIcdhilose. Diversions can also be pr q) are d in 
glycciol, Kquified polyethylene glycols^ and mi xt u res thereof and in oils, Ihidcr 
ordinaiy conditions of stoiage and use» these preparations contam 
prevent tfie gcowth of msciooxganisms. 

Thejdiarmaceatical finms suitable for injectable use indiMle sterile aqueous 
solutions or diq>€>sions and sterile powders for the exte mporan eous prcparatian of 
sterile ixgectable solutions or dispersions. In all cases, the form must be sterile and 
inuslbefluidtodieexteotthateasysyringafaility exists. It must be stable under the 
coiiditicHis of maim&ctnre aiMl storage and must be preserved agamst 
rm >taffntnsitfng ariifwi of un cm organ ifflnSy sttch as bacteria and fungi. The carrier 
can be a solvent or dispersion medium containing, for exanq>le, water, ethanol, 
polyol (for exaiiq>le, glycerol, {ropylene glycol, and liquid polyediylfme glycol, and 
tibeUkeX suitable mixtures thereof and vegetable oils. The proper fluidity can be 
nudntained, for exanqple, by die use of a coating, sudi a lecithin, by the 
maiiiteiiance of the required particle size in die case of a di^errion and by the 1^ 
of surfoctants. The prevention oflfae action ofini cr o organ isms can be brougiht 
about by various antibacterial and aiitifungal agents, for exain^ 
dUorobutanol,phexK^soilwadd,dniiien>sal,andl^ in mai^ cases, it will 
be preferable to include isotook agents, for example; sugars w sodium 
Prolonged absorption of the injectable CQQq)ositions can be teought about by the 
use in the con^ositions of agents dd^ing absorpdcm, for example^ ahimimim 
monostearate and gdatiiL 

As used lKreiii,'^harmaceutically acceptable carrier" includes any and all 
solvents; dispersion m gd it'j. coatings, antibaderial and antifungal agents, isotonic 
and absorption delaying agents and die like. The use of siK:fa media doai agents for 
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I^iaimacratical active sid>staoce8 is well kiK>wii in Ae ait Except insofar as any 
co n vcptiopal media or agent is incompatible widi tfie active ingredieoly its use in 
fliefl Kgapcuti ccony)sitionsiscontcnplated> Siqpplcmentaiy active ingredients 
can also be incoiporated into Ibe conqK)sitkHi8. 

Pfy ^} m linii i i j d i nfiftn tbft crmtposition may be in c or p of ate d wilfa camqiicnts 
andnsedin&efbnnofnon^ngcstibleinouflnvad^ AmoQfbwa^ 
pmy b» p re pM cd t n c o iporating the active ingredient in the regoiied amoont in an 
appropii ate solvent, sodi as a sodium boiate solution 9>6bdrs Sohtion). 
Altemativdy, the active ingycdicnt may be incoiporat e d into an anti^ 

sodium borate, glycerin and potassium bicaibonate. Theactive 
ingrefient may also be dispened in dcntifiices, including: gds, pastes, powders 
andslmries. Tlie active ingredient may be sulded in a lfaerq>eutical]yefi^^ 
amoimt to a paste dentifiice that may include water, binders, abrasives, flavoring 
agents, fbanung agents, and bumectants. 

The composition can be formulated in a neutral or salt fbrm. 
Fhannaceutically acceptable salts, include the add addition salts (formed witti the 
firee amino groiq>s of the protein) and which are formed with inorganic acids such 
as, for example, hydroddoric or pho^horic adds, or such organic adds as acetic, 
oxalic, tartaric, mandelic, and the Uke. Salts formed with the fieecaifooxyl groups 
can also be derived firom inorganic bases such as, for exanq>le, sodium, potasshim, 
ammonium, calcium, or fenic hydroxides, and sudi organic bases as 
t<c 0pr n j iy lflmine, tiimelhylamine^ histidii^ procaine and tihe like. 
IJ^xm fomiation, solutions win be adininistered in a 

t>^ Ave^ gy ftmmlyH W anH in anch a maimer as it therapcntically eEfective. Hie 
fonmdations areeadly adininistered in a variety of dosage fofims sodi as injectable 
solutions, drug rdease cq)5ules and tte Eke; 

. In oflicr embo diu Ka its , erne may dedre a topical q>plication of compositians 
disclosed herein* Sucbcoinpodtionsm^ be fonmdated in creams, lotioiis, 
sotutioDS, or in solid form depenifing xspcfa the particular appUcatioiL The 
fonuttlatioa of pharmaceutically acceptable vehicles for topical administration is 
wdl kiiown to <Hie of ddn in tiie art (see, Le^ "Remington^ Pha^^ 
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Sdences", 15^ Efition). Variaticm of Ibe dos^ of Ibe coiDpo9ti(nis disdosed 
lndo» win necessarily depend iqpon liie 
craditkm(s) being treated 

For parenteral a dmimstiatk m in an aqueous solution, for exanqple^ Oe 
solution sbould be smtably bnfifaed if necessary and Ibe fi quid dOocot fiist 
rendered isotmicwilbsufiBdent saline or ^ncoseu Ibeseparticabar aqueous 
solutions are espedaOy sintable for intravenous, intramuscular, subcutaneous and 
intraperitoneal admirnstration. In tbiscoimectiori, sterile aqueous inediawbidi can 
be enq>loyed win be bxywn to Ibose of sidn in fte art in b^ of Ite 
disclosure; For example^ one dosage could be dissolved in linl of isotonic NaCI 
soluticm and ddier added to l(XX)inlofbypodennic or intravenous fluid or irgected 
at Ibe proposed site of mfttrioii» (see» for exainple, ^'Re^ 
Sciences*, 15*Editi(»i,pages 1035-1038 and 1570-1580). Somevariaticmin 
dosage win necessarily occur depending on tbe condition of die subject being 
treated. The person responsible for administration will, in any event, detennine the 
appropr iate dose for the individual subject Moreover, for human admiuistrationy 
preparations sbould n^ sterility, pyrogenidty, ^i«al safety arMl purity standards 
as required by FDA QfBce of Biologies standards. 

EXAMPLE 
Assays For Candidate Substances 

Expression Of Hnina » ^-"l^'li:***^ For Ibe pr ep ara tion of rat lA ceUs 
ea ipr es sin g different types of human Sa*reductases, cDNAs for tte human type 1 
and 2 Sa-reductases were isolated foam buinan Instate Agtl ^ 
ncDNA libraries using die publisbed sequence of die 5a-reduclases»PCRand 
standard Hilary screening tedmi^ses. Tbetypel andlcDNAsweresubdoned 
into tbe r e trovir al expression vector pMW and hi^ titer stocks of vims contaimng 
die type 1 and 2 cDNAs were generated nsing tbe padcagpig cells BC^ 
Rat 1 A cdb were iiifected widi virus and cdb ccMitainirig integral 
selected for G418 resistance (Brown and Scott, 1987). 

Assay Of Sa>Rednctase> MicrostMues were prepared from rat 1 A cells 
e xpr es sin g spod&c types of honaan 5tt>reductase> The enrymic assay was based on 
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Ifae measoiaiieiit of 5a-DHT pcodutioii fim 
microscmes prq>aied ficnn rat 1 A cells coi^^ 

SoHredoctase. The amount of labded testostoone and difaydrotestostenme in 
extracts was d^enximed by Ifain la^ 

radioanalyticscaniMr* ThecoiicaitratioQoftestcoiiqpouidi^^ 

of testostenme to dibydiotestostaoiie by 50% QCSO) was detennmed by 
interpolatioQ betvmn appibpri^ 

Inhibition Of SarRy *^*:*««y A<^*MtYi 

Previously^ we showed tihat two natural pn>diK:ts» the 
qncatedim gaUate (E(X9 and q)igalkx:atec^ gal^ 

fetty adds were inhihitcm of InnnanSa-iedQCtaseL Astnicture-activityrelationsfaip 
stncty was tmtiated to e]q>Iore1bestractnral requirements fin- 1^ Datafor 
Ihis study are summarized in Tables 1-7 and Figs. 1 -6. 
1. FLAVANOIPS 

A variety of naturally occmiing flacvanoids with stnictures rel 
catecfams were tested (Rg. 1, Table 1). 



Cell Free Assay Isoenzyme 


HREDl 
ICSO(uM) 


HREDl 
%liihtbitioa 
@100uM 


HRED2 
IC50(uM) 


HRED2 
%bifaibition 
@100uM 


Ctanpound 


1. ^ncatedunGallale 


11 


100 


60 


83 


2. l^tiganocatcchiii 
Gallate 


IS 


99 


74 


74 


3. Afyrioetin 


23 


96 


>100 


31 


4. Quereitiii 


23 


96 


>100 


14 


S. Baicaleia 


29 


79 


99 


51 


6. HsdiD 


57 


97 


>100 


4 


7. BiodBuuaa 


>100 


50 


17 


74 


8. Kafiwpftrol 


>100 


22 


12 


62 


9. Fbvooe 


>100 


20 


>100 


(-52) 


10. Gaustem 


>100 


16 


23 


76 
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11. j^rigaUocatodun 


>100 


IS 


>100 


3 


12. Epicatechm 


>100 


14 


>100 


4 


13. Mono 


>100 


6 


>100 


33 


14. Alite-oapdioflayooe 


>100 


6 


>100 


(-13) 


■ 15. TaodfUiB - 


>100 


S 


>100 


S 


i6. Rutia 


>100 


4 


>100 


0 


17. Daidzciii 


>100 


3 


29 


69 


18. Beta-oq>d»flsvooe 


>100 


3 


>100 


4 


19. CSoysin 


>100 


2 


>100 


1 



Th#> ton rflf P^mo P/Y? aiwi PHfY^ had the highest activiiy nf Ihft tftgrM 

flavaiK>ids and were better inhibits 

(HRED2) isoenzyme of Sa-rednctase. The tea catediins epicalechm (EC) and 
epigaOocatedunCEGC) had little activity. Four flavanoids, myricetiii» quemtin, 
baicalein and fisctin had significant (IC50<1 00 pM) activity and were more active 
against tiie type 1 flian the type 2 isoen^ma Biodiamn A, kaempferol, gemstdn» 
and diadzcin were effective inhihitQrs of the type 2 but not type 1 isoen^me. 
.Comparison of tiie activities of dnystn, kaeoq[)feroU morin» myricetin, and querdtin 
indinite the inqx>itance of B-ring hydroxyl gioiq>s» especially in a catechol or 
pyrogallol configuration* and pertkq>s the inqxntance of flie l^droxyl at podtion 3 
fi)r activity against the type 1 isozyme. Rutin, flie 3-iutinose glycodde of qoercitin 
was ineffective against either isoena7ine(IC50>l 00 pM). The inactivity of rutin 
compared to qnerciltn is eifter doe to the presence of &e ofigosacdi^ 
(perhaps due to steric hindrance) or nK)dification of the hydro^ at position 3. 
Taxifi>fin, a flavanones, was ineffective gainst either i The 
weak Ktivity of taxijfelin is iiK>st likdy due to die absence of die 23-u^ 
bond when its activity is compared to die structurally related querdtia When 
tested inhibitory activity in whole cells» inost flavanoids 
activity against die type 1 isoenzyme* periiaps indicating lim 
these polyfaydroxy compounds across the cell membrane. In contrast to the results 
widi the type 1 cnzycne* lour flacvanoids* biocfaanin ^ 
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gemstem had dgnificait iiAihito^ 

^^lecdlassay, TheiKK>8tacthreof1faese,biodiaiim A 

two and three fiec hydroxy gnnqiSy rc^)cctivcly, and so may penetrate ccHs easier 

than other flavanoids. 

SorfcdactasenihihitkmstiMficdwilh 
importan ce of catcdiol and pyiogaOol inoieties fixr hig^ inhibitory activily. 
Therefore^ a sones of coiDpoiinds wift catediol g[oiq» was si^^ 

Crable2»Fi&2X 



TABlJt2 



CdD Free Assay Isoenzyme 


HKH1>1 
ICSO(uM) 


aKJSMJi 
%UdbilkMi 
©lOOuM 


IC50(uM) 


-, llKEl/X 

% Inlulntkni 
©lOOuM 


Compound 


1. Andirarobin 


4 


99 


SO 


97 


2. Bromc^iyrogaOol Red 


7 


98 


84 


58 


3. Gossypol 


7 


99 


21 


99 


4. PyiogaDolRed 


15 


97 


>100 


27 


5* Nofdifaydrogaiaretic 
Add 


19 


99 


SO 


80 


6. C^fBnc Acid 
Fbcnetbyi Ester 


26 


97 


>100 


36 


7. OclylGallate 


27 


99 


58 


90 


8» PuipuiogBlhn 


30 


81 


>100 


31 




42 


69 


>100 


41 


10. Dodecylgallate 


43 


88 


>100 


36 


11. Fyrocatcdx)lViolel 


48 


85 


100 


47 


12. Pyiogallol 


70 


60 


>100 


28 




S3 


59 


>100 


38 


14. HZIV-«2 


>100 


43 


>100 


0 


15. Cdc 


>100 


42 


>100 


(-75) 


16. BZIV90 


>100 


23 


>100 


13 


17. GaffdoAcid 


>100 


13 


>100 


8 
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18. mnns 


>100 


10 


>100 


6 


19. Bxculetm 


>100 


7 


>100 


13 


20. ElbgieAdd 


>100 


7 


>100 


9 


21. CBtcchol 


>100 


5 


>100 


0 


22. Mediylgsllate 


>100 


5 


>100 


3 


23. Rsxedn 


MOO 


2 


>m 


8 


24. Ptopylgalbite 


>100 


0 


>100 


0 



Tlmtea of flw 24 conqKHmds listed had IC30^st«lawl^ All were more 
active against tfie type llban type 2 isoenzyme; SixoflliesecQiiqpoiiDds, 
amhrarobin^ dodecyl gallate, gos^pol, octyl gallate, caffek plmelfay] ester 
and noidifaydrogiiaiaredc acid were active in whole cell assays (Table 7, bdow). 
Anthraiobin was much more effective against the type 1 than type 2 isoenzyme; 
^prfiereas, the otfn five inhiMtors were equally effective inhibitors of both 
isoen^mes. The synlhedc ccnnpoimd H23V 82 showed httle activity m 
fipee assay, but was voy active in the ip^le cell assay with ^>ecifidty 
isoenzyme. 

3. CURCUMIN AND RELATED COMPOUNDS 

Cuicumm was a very effective inhibitor ofdther the type 1 or type 2 * 
isoen^me (Table 3, Fig. 3)* 



TABLE3 



on Free Assay Isoenzyme 


HREDl 
ICSOOiM) 


HREDl 
% binlatioii . 
@100uM 


HRED2 
ICS0(uM) 


HRED2 
%&ildbitioii 
@100uM 


Compound 


1. Cuicmnin 


3 


95 


5 


87 


2» Tctrahydcocuicunna 


80 


56 


29 


73 


3. Demcflicncy* 

tetnfaydiocuicuuun 


>100 


23 


>100 


42 


4w 4-liyAeRy-3- 


>100 


10 


>100 


(-60) 


5. Comfbrol 


>100 


10 


100 


49 
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6. 4<4-liydioxy-3- 

IUCUMU.y|iucuuI/>J* 
butU-2-OIDC 


>100 


3 


>100 


4 


7. FenilicAcid 


>100 


0 


>100 


18 


8. C^psamn 


>100 


0 


>100 


8 


9. Ei^cDol 


>100 


0 


100 


50 



n fttnmer ciftlly availahle cofcmnin was chemically reduced wMi Pt/H2 and Hie 
products, tetrahydrocurcumin and deme^hoxytetrahydrocurcumin, had modi less 
Mtivitylfaan cm c uimiL However, tetrafaydrocucumin ^IZIV 81*^^^ 
coloiless compared to die bright yellow cincumm, had significant activity in the 
whole cell assay. The stnMrturally related coinpoimds 4-<4-hydroxy-3- 
melhoxypheaol)-3-buteo-2-oi^ feraUc ^d, capsaicin, euge»ol and coniferyl 
alcohol had little inhiUtor activity (iCSOlOO |iM) agaiKt either isoenzyme 
frigfrli ghHng die importance of Hhc difemlolyl structure f<^ activity agsunst 5a- 
ledttdase* Noidihydroguaiaretic add (NDGA) was also an effective inhibitor of the 
^pe 1 (ICS0=19 )iM) and type 2 (ICS0=50 ^M) isozymes in cell-firee and whole 
cell assays, but less so than curcomin. 
4. OUINOWES 

A variety of quinones were tested for activity against 5a-reductase (Table 4, 
Fig. 4). 



TABLE4 



on Free Assay Isoenqnne 


HREDl 
IC50(iiM) 


HREDl 
%Inhibitioii 
@100uM 


HREDZ 
IC50(aM) 


HRED2 
©lOOoM 


ConpouDd 


1. PUfflUllll 


2 


95 


>100 


20 


2. AKzario 


3 


95 


100 


54 


3. Anthrarobin 


4 


99 


50 


97 




6 


77 


5 


81 


S. Gocazynaeq 


12 


77 


22 


81 


6, 2y5-didikmnDdf9|)heaol 


IS 


78 


17 


97 


7. Alizsiin Rod 5 * 


• 30 


91 


>100 


8 
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8» AiittirBnifiift 


40 


ei 


>100 


13 


9* Andsanifia 


40 


SJ 


>100 


13 


10. LaDachot 


>100 


30 


>100 


9 


11. AnfttaflavieAcU 


>100 


27 


>100 


22 


12. QondnnB 


>100 


26 


>100 


7 


13. T- 

botylhydioxyquiacoe 


>100 


19 


>100 


4 


14. AnthnqumoDC 


>100 


6 


>100 


9 



The naturally oocming aodiraquiiKHW^ a 
oflfaetypelbot iK>ttype2iso(2yDQe8. Alizarin Red S,i^^iicfa is a water soluble 
sulBtte derivative of alizarin had little activity (IC^ 

isoenzyme. The charged sul&te group may prevent interaction with membrane 
bound Sa-reductase. Purpurin, which has an additional hydroxylconapared to 
alizarin^ had inhibitcHy activity ainilar to alizarin. Anthraflavic add, andirarufin 
and quinizarin, ^v^ch are structural isomers of alizarin witiK>ut a^acent hydros^l 
groups^ bad mucli less activity, enq>hasizing the inqx)rtance of the catedx>l moiety 
for potent iiihibitofy activity ofdns class of anthroquiiiones. Anthraquinonewas 
not an effective irihibitw([C50>100)tM). Menadione, corazyme Q» aiui 2,6- 
dichlcHoiiMk)pheiiol were potent ceU-fieeiiihibitors of boh isoenzym The 
compounds participate in quinone reductase reactions and may deplete NADPH 
causii9lheol>scrvedirilubitiort In die \^le cell assay, alizarin was a veiy 
effective mhibitor of the type 1 isoen^iite and nienadione ^ 
5. gyiG AIXOCATECHIN PERIVATiyES 

Ilie Ug|i irdubitCHy activity of EGCG in a cell*finee ass^ but 1^^ 
cell assay led us to design and syntheaze a scries of derivatives of EGC to enhance 
activity in Oevtlkolecdl ass^ (Table 5,Fi& 5). 
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TABIDS 



Cell Free Assay 
Isoeo^fine 


HREDl 
ICS0(uM) 


HREDl 
%lDfaibition 
(Si 100 qM 


HRED2 
ICSOOiM) 


HRED2 
%Iidbibition 
■ A 100 uM 


Componnd 


1. BGCa 


12 


99 


73 


76 


2. HZIV160 


29 


99 


76 


96 


3. BZIV 134 


20 


99 


67 


94 


4. HZIV92 


23 


98 


>100 


45 


5. HZIV120 


23 


99 


66 


97 


6. HZIV142 


25 


97 


63 


93 


7. HZIV68 


29 


93 


99 


51 


8. HZIV75 


29 


97 


>100 


21 


9. HZIV166 


30 


98 


78 


74 


10. HZIV63 


311 


94 


>100 


20 


11. HZIV169 


47 


90 


>100 


39 


12. HZIV74 


48 


S5 


>100 


24 


13. HZIV144 


49 


88 


>100 


38 


14. HZIV168 


49 


98 


73 


92 


IS. BZIV 166 


59 


95 


71 


84 


16. BGC 


62 


61 


>100 


30 


17. HZIV107 


98 


52 


>100 


39 


18. HZIV145 


>100 


35 


>100 


8 


19. HZIVI48 


>100 


31 


>100 


0 


20. BZIV 109 


>100 


17 


>100 


0 



The Studies sfaonved ttiat dexivatizatkm of tte 
mediyl or acetate groups leads to &e toss of inhibitory activity in fbeceQ-firee assay 
andmienhancenieat of the lower idK>lec^ assaying We» 
therefore, fimited stnKtaic-activity stndi 

EGOG to enhance ihluhitOTy activity in ttew)M>lecd^ Twentyoftfiese 
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stroctonil dumgrt? are p imfn ar yTgid in TAle S- TteiiK>5tagnificantslnictnraI 
diange leading to acdvity in tbe i^le cdl assay was 

ester in place oftfie gallic add gnnq> of EGCXj. Li particular, fitty adds witii some 
d^cte of imsatnration had good inhifaitory wti 

5 Tcdnctase in tiie whole cdl assay. The most potent oflhese derivatives was ease 

WEfliY-liiK>lenicaddestmfiedtofhe34iydroxylofE(^ Cotamfitty addswidia 
angle unsaturated bond were also active. F«exan)ple»HZIV 16Q,^iiryristoldc 
ester ofEGC was effective in both assay systems. Fatty adds with less 
unsaturation are less susceptible to oxidati<m and so may be more smtable 

10 nxxiifying agents. 



TABLE 6 





Cell Free Assay Isoenzyme 


HREDl 
ICSO(ttM) 


HREDl 
% Inhibition 
@100iiM 


HRED2 
lC50(ttM) 


HRED2 
%InilnbHi<m 
@100uM 




Compomid 


15 


1. Gamma-Lmotenic Arid 
CIS-JOS 6^.12 


5 


99 


11 


89 




2. Qrocetia 


7 


70@3O 


>100 


20@30 




3. A^i^Lmokote Acid 
CIS-JOS 9,12,15 


8 


99 


9 




20 


4. linolric Add 
C18:20S9,12 


9 


99 


19 


85 




S. Okie Arid C18:I CIS 
9 


10 


99 


42 


86 




6. Cooji^ated 


10 


99 


30 


81 


25 


7. SA1M4- 

Eocpsatetraynoic Acid 


15 


97 


3 


81 




8. Stearic Arid CISKI 


27 


71 


>100 


35 
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TABLET 



Whole Cdl Assay 
bocnzynic 


HREDl 


HREDl 

96 lulutvitliHl 

@100iiM 


HREDl 


BRED2 

/« ■■■■■■mlliwi 

@100ttM 


ConipouDd 






L HZIV82 


3 


79 


>100 


IS 


2. DodccylgaOate 


3 


99 


7 


98 


3. AnAambm 


6 


91 


>100 


31 


4. Alizaiin 


6 


75 


>100 


27 


5. Gossypol 


7 


100 


6 


99 


6. HZIV160 


7 


99 


8 


98 


7* OctylGallatB 


7 




Ifi 

16 




8. CafibcAcidliieoeniyl 
Ester 


8 


99 


7 


98 


9. HZIV 142 


8 


99 


14 


98 


10. Cmcumin 


9 


99 


7 


99 


11. Nbfdibydiogiiaiaietic 
Acid 


19 


99 


22 


99 


12. HZIV 165 


28 


97 


32 


98 


13. HZIV 168 


28 


93 


41 


94 


14. HZIV 81-2 


36 


81 


7 


92 


15. HZIV 148 


42 


90 


74 


81 


16. HZIV 75 


43 


83 


62 


72 


17. HZIV 120 


49 


97 


57 


96 




51 


82 


79 


62 


19. HZIV 166 


58 


89 


72 


83 


20. BradianiaA 


64 


64 


5 


93 


21. HZIV 92 


64 


94 


80 


62 


22. Kafinpfiapl 


79 


60 


20 


85 


23. Daidzdn 


10 


13 


7 


89 


24. Baicakm 


>100 


24 


>100 


4 
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25. nstSa 


>100 


42 


>100 


27 


26. EGOO 


>100 


11 


>100 


5 


27. Kfyricetm 


>100 


11 


>100 


11 


28. Puipuiin 


>100 


47 


>100 


7 


29. Quoeelm 


>100 


15 


>100 


29 


30. AlizsiinRedS 


>100 


28 


>100 


I 


31. GcnirtWD 


>100 


22 


20 


89 


3^ HZIV123 


>100 


48 


>100 


8 


33. HZIV107 


>100 


23 


>100 


2 


34. Catechol 


>100 


9 


>100 


3 


35. DitMlBcio 


>100 


9 


58 


87 


36. PyrogaOol 


>100 


7 


>100 


15 


37. EC 


>100 


0 


>100 


I 


38. EGC 


>100 


15 


>100 


1 


39. EOG 


>100 


0 


>100 


0 


40. EGCO 


>100 


6 


>100 


0 


41. HZIV90 


>100 


34 


>100 


14 


42. HZIV63 


>100 


12 


>100 


7 


43. HZIV68 


>100 


40 


>I00 


34 


44. HZIV144 


>100 


12 


>100 


7 


45. HZIV81-3 


>100 


28 


19 


80 


46. HZIV145 


>100 


8 


>100 


9 


47. MediylGallate 


>100 


0 


>m 


0 


48. FiropylGalbtB 


>100 


5 


>100 


0 


49. Isoiiro|>yIGaIhlB 


>100 


0 


>100 


0 


50. GalHcAdd 


>100 


13 


>100 


0 


51. Pyrogallol 


>100 


5 


>100 


6 


52. BZIV169 


>100 


10 


>100 


0 


53jGaimDa-Liiio]aiio 


22 


91 


20 


86 


54. Etya 


22 


67 


2 


86 
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55. Alfte-Ltnofenie 


29 


82 


23 


86 




40 

■TV 


78 


25 


77 


57. OldcAcid 


83 


58 


>100 


45 


58. StearieAdd 


>100 


10 


>100 


23 


59. A^iha-LiDoicmcAcid 
Me Ester 


>100 


24 


>100 


18 


60. Gamma-Lmoleiue 
Oxd Ester 


>100 


12 


>100 


11 


61. Gmuak-lMttoiancAdi 
Me Ester 


>100 


49 


>100 


26 



As found pfcvioiis^ in our lab, the greater the degree of nnsaturationy the better 
file ihldtntoiy activity oflhe&tty add* Since unsaturated &tty acids are easily 
prone to oxidation which may comprise their usefuhiess, we examined some 

IS unsaturated &tty acids less pnme to oxidation. The synthetic fatty adds, 

coqugated octadecadieaoic add {CODA) (ds or trans* 9^ 1 or 1042 
octadecadienoic add) and 5, 8,1144-dcosatetraynoic add (ETYA), were good 
mhibitors of both isoenzymes. CODAandETYAhadlCSOsof lOand IS (type 1) 
and30and3(type2)pM»re^>ectivdy. ThenaturaDy occunringfetty add.T- 

20 lnx>leaicadd,hasIC50of3|iM for both isoCTzymes. Fatty adds such as ETYA 

may be usefid for deiivatizing otfier 5a-reductase inhibitors to enhance cellular 
iq[>take and promote in vivo activity of Sa-^eductase inhibitors. Methyl and 
diolesterel esters of T-hnolenic add had little activity in Ae ^idK>le ce^ 
(TABLE 7) and so the activity of EGC esterified to y-linolenic add is unlikely due 

25 to intracdhdar hydrolysis of d^eseeslexs. 

Active Sa<TOlnctase intdbitois shown in Tables 1 -7 are polyphenols or ttidr 
derivatives and are easily oxidized or hydrolyzed wittin several hours to several 
da9s^eq>ecaalty in the presence ofdr or oxygen and at a pH above 7.0. Wehave 
found diaft diese oonqpounds are more stable to oxidation car faydrolyds by 

30 maintainiiig the pHofdie solutions of1faeseconq>ound8 at a pHbdow 7.0. More 

than 80% of ibc oxidation of faydrolyds can be prevented by die addition of an 
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andysndiasliydioddoric^d, siillbrieacid»ori4)oq|4iorieacid,oran 
Qiganfo add, sDidi as dtne add or acede acid. 
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WHAT IS CLAIMED B: 

L A pror^ nf mliihittitg Sn-Tcdnctase activity compriang tfac step of 

C3q)osii^ SoHfcdnciase to an effective M 

Tables 1-7. 

2. A imcessoftieatiiig^ostate cancer in a subject in ne^ 
tieatmcnt ccmqnismg flm step of admini^^ 
tfaenpeuticamoontofacompoundof aiqf ofTabl^ 1*7. 

3« A piocessoftreating breast cancer in a subject in need of such 
treatment conqprisingtiie stq> of ^faninistering to ibe subject an effective 
tbenq)eadc amount of a cooq>ound of any of Tables 1-7. 

4. A piocessoftreating baldness in a subject in need of such treatment 
onnimsing fhe stq> of administering to the subject an effective tberq)eutic amount 
of a compound of any of Tables 1-7. 

5* A i»ocess of treating a skin disorder in a subject in need of sudi 
treatment craDini^ng the step of administeiing to the subject an effective 
tiienpeuttc amount of a conq>ound of any of Tables 1-7. 

6. A process of treating obesity in a subj ect in need of sudi treatment 
compiismg the stq) of administering to the subject an effixtive ther^[>eutic amount 
of a compound of any of Tables 1-7. 

7. A prt>cessoftreatingbeiiig|iiMrostatichyperpla^a<^ prostatitis in a 
sul:gect in need of such treatment comprising the step of administeiing to the subject 
an ^fective tiieiapeatic amount of a conqxHmd of any of Tables 1-7. 

8. AconqKmndoftiiefoimula: 




whem X is -NHCHjCHr or .CIM31-; 

R,, R, and R3 each may be -H, -OH or -OCHj, provided that oidy one of R|, Rj, 
and R) may be -H; 
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R4,R,andR<eadimaybe-H» -OH, -OCH, or -iKCR^ provided Ifaat only 
one oflU K5 a»l R« may be -H; and 
nisOorl. 

9. A conqMrand of flie fimmila: 




wbcre R is a cbain witfi 2 to 20 atcmis from die groiv MMiastmg 
oxygen, sulfur, and mtrogca, widiout or with one to four double bonds and 
additional hydrogen. 

10. A compound of die fonnuto: 




-whexeRis 



H 
OH 




wowmns pcr«)SSto»4i 



o 



10 



OCT 



11. A mediod for fhe stalnlization of cooqwimds ^vm in Tables 1-7 
15 conqvismgaddmg an efifecthre ambient of an iix»Bt^ 

niitffp>1 pnAiet that contains Aese adds to maint a in Ac aridity of ttie tticxapqnic 
pieparatioDS of these compounds at pH 3.0 to pH 6.8. 
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FIGURE 1 - VLAVANOIDS 
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FIGURE 2 - CATECHOLS 
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FIGURE 3 - FERUUC ACID DERIVATIVES 
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FIGURE 4 - QUINCMflES 
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FIGURE 5 • EPIGALLOCATECHnf DERIVATIVES 
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FIGURE 6 - EPICAIXOCATBCmN DERIVATIVES 
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additiraial hydrogen. Tbese atoms can be in a straight diain or brandied 
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FIGURE 7 -GALLATES 
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Rl: aaalkyldnin^wi&2to20atO(msfromlfaegcou^ 
oxygni, suUiir, and mtrogoi, ^vitfaaut or wi^ 
and additional liydrogen. Ttese atoms can be in a straig^ diain or 
tondied fonii» <ff in die fbfm of anmialic ring stn^^ 
have substitntioQ of one to ftree caitMO alk^i or halog^oated 
annuo, mefliytated aniino» caiboxyl. hydroxy gi^^ 

R2-5: an aDcyi chain wiflil to 12 atoms fiwnflie group consisting of caibw^ 
oxygen, sulfiir, hydrogen and mtrogea, witiiout or witii hydroxy groiqxs. 
These atoms can he m a stnugM chain or hcamM fonn, wUch may have 
sid>stitution (^one to tinee caibon aO^ halogeoated alkyU nitro, 
amino, roediylated amino, caiboxyi groiqw and hydiogen or halograi 
atoms. 



WD9W22728 8/10 FCTWS9W23M1 

FIGURE 8 - CDRCUMIN DERIVATIVES 




R4, R5 RIO R9 



R: Analk^ciiainvfidi 1 to 14alomsfrom1hegn^ 

oxygen^ solfiff; and nitrogen^ wittiout or widi one to tfiree double boiids» 
c a tfaopyl» ortydtoxyi groups and addMonal hyJfogtjjts^ These atoms can 
be in a siraig^ diain or braMlied fonn^ or in Ibe form of aromatic ring 
structures ^i^di may have substitntion of one to ttiree carbon al^fl or 
halogenated alkyl» iutro» ammo, mediylated amino, carboxyl, or halogen 
atoms. 

R2-S: Hydroxy or mctiioxygroiqps or an alkyl chain with 1 to 10 at 

th^ groq> conastisg of carbon, oxygCT, sulfur, and nitrogai, without or 
wifli hydroxy groups and additicHUil hydrogens. These atoms can be in a 
strai^ chain or bfandied form, wlu(^ in^ have su^^ 
diree carlxm aifcyl or halogenated alkyl, nitro, amino, medq^lated amino, 
caiboxyl groq)s and hydrogen or halogoa atoms. 




Rl -Rgcanbel to6atOTBfliatnM(ycoo^ofcaiboii,m!n>gco^ 
solfur, and additional hydrogen or halogeo atoms. Theycanbcin&efbnnof 
alkyl or halogaiatedalkyl,iwdioxy,nilro, hydros ^aod 
RlOcanbehydraxygioupsorinflietoofquinones. RingBcanbeina 
saturated, aromatic cr quinine structures. 
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FIGURE 10 - FATTY ACIDS 
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